Background {#Sec1}
==========

Retinol-binding protein 4 (RBP4), belongs to the lipocalin family of proteins, which is released primarily by the liver, has also been shown to be released by adipose tissue as the second highest rate of expression \[[@CR1], [@CR2]\]. In humans, serum RBP4 levels have been suggested to provide the association with the degree of adiposity \[[@CR3]\]. Obesity is associated with a dramatic increase in the prevalence of type 2 diabetes, and also has been associated with many other chronic diseases and comorbidities. Over the past few decades, the prevalence of obesity has increased greatly worldwide and in China, especially \[[@CR4], [@CR5]\]. Thus, the prevention of obesity among people should be considered a priority of health care policy.

Several studies show that serum RBP4 levels correlate inversely with the severity of insulin sensitivity, which is positively with obesity and type 2 diabetes, as well as components of the metabolic syndrome, and can be used as a noninvasive serological indexes reflecting the metabolic abnormalities \[[@CR6]--[@CR8]\]. However, there is also conflicting data between RBP4 and obesity was demonstrated in other studies \[[@CR9], [@CR10]\]. Therefore, the relationship of RBP4 and obesity is still controversial in adult. RBP4 does not reach adult plasma levels until puberty, after which plasma levels are changeable, based on the menstrual cycle. And this variation in the plasma RBP level appears to correlate with peak levels of estradiol and menopausal status in women \[[@CR11], [@CR12]\]. It also has been proved that plasma RBP4 concentration varies by gender, generally being lower in women than in men participants. Several previous studies hypothesized that sex hormones may play a role in the difference \[[@CR10], [@CR12], [@CR13]\]. So it is necessary to investigate the participation of sex hormones on the levels of RBP4 in humans, especially in woman.

Therefore, the major aim of the present study is to evaluate the association between RBP4 levels, obesity, sex hormones, as well as other metabolic parameters in Chinese women. Additionally, we sought to explore the possible effect of sex hormones on the relation with obesity and RBP4.

Methods {#Sec2}
=======

Subjects {#Sec3}
--------

We consecutively selected 138 subjects from the general population who had undergone medical check-ups at the outpatient department of Endocrinology of Zhongshan hospital, Fudan university from Oct.2013 and Aug.2014. After excluding 51 of the 138 subjects, a total of 87 subjects were enrolled in our study. Exclusion factors were diseases affecting the metabolic state or not suitable to participate in this study. Women presenting endometriosis, uterinefibroid, breast cancer and those with hormone-dependent cancer were excluded. Hyperthyroidism, hypothyroidism, diabetes, mental disease, serious disease with dysfunction of heart, liver, kidney, were excluded as well as those using estrogen replacement therapy. The study was approved by the human research ethics committee of Zhongshan hospital, Fudan University and informed consent was obtained from all subjects.

Anthropometric and biochemical measurements {#Sec4}
-------------------------------------------

Height (cm) and weight (kg) of participants, wearing light clothing and without shoes, was measured with stadiometers and calibrated balance-beam scales, respectively. BMI was calculated as weight in kilograms divided by the square of height in meters. Waist circumference (cm) was measured with a non-stretchable tape at the end of a normal expiration, at the smallest horizontal circumference between the ribs and iliac crest. Thus, waist--hip ratio (WHR) was calculated as waist circumference divided by hip circumference. Blood pressure was measured in the right arm in the seated position, after at least a 5 min rest, and the average of the three blood pressures was used as the final blood pressure. Blood samples were collected after a fasting period of at least 10 h overnight. Serum total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-c), and low-density lipoprotein cholesterol (LDL-c) were determined by enzymatic methods with a Hitachi 7600 analyzer (Hitachi,Ltd. Tokyo, Japan). Serum insulin (mU/L) was measured with an insulin radioimmunoassay kit (kit from Beijing North Biotechnology Research Institute). Follicle stimulating hormone (FSH), luteinizing hormone (LH), prolactin (PRL), estradiol (E2), progesterone (PROG), testosterone (TESTO), dehydroepiandrosterone (DHEA) were checked. Methods for measuring blood hormones were electrochemiluminescence immunoassay (ECLIA), and kits were used for ECLIA supplied by Roche Diagnostic Systems, GmbH,Mannheim, Germany. Serum RBP4 (μg/ml) was measured in duplicate by a sandwich ELISA developed in-house, using affinity chromatography purified polyclonal and monoclonal antibodies generated against recombinant human RBP4 protein. The assay system was subsequently cross validated by Western blot analysis \[[@CR14]\]. According to recommendations of the Working Group on Obesity in China, BMI between 18.5 and 24.0kg/m2 was considered normal. BMI between 24.0 and 28.0kg/m2 was defined as overweight, and over 28.0 was defined as obesity \[[@CR15]\].

Statistical analyses {#Sec5}
--------------------

Mean (standard deviation), median (interquartile range), were tabulated for demographic, and laboratory characteristics by BMI. Differences in the distributions of these variables between non-obese and obese were calculated by the Chi-Square test for categorical variables, ANOVA for normally distributed continuous variables. Following this, Pearson's correlation was used to examine the association of serum RBP4 and other parameters. Multiple testing was corrected using LSD method (Equal Variances Assumed) or Games-Howell method (Equal Varance not assumed). Multiple stepwise regression analysis was used to examine the association of estrogen and serum RBP4 and other parameters. All statistical analyses were performed using SPSS18.0 (SPSS Inc., Chicago, Illinois, USA), *p* values \<0.05 were considered significant.

Results {#Sec6}
=======

The mean age of study participants was 40.22±15.54 years. Demographic and laboratory characteristics stratified by BMI are presented in Table [1](#Tab1){ref-type="table"}. Compared to non-obese, obese individuals had higher waist circumference, hip circumference, waist-to-hip ratio (WHR), systolic and diastolic (SBP), diastolic blood pressure (DBP), triglycerides (TG), but lower high-density lipoprotein cholesterol (HDL-c), luteinizing hormone (LH), and follicle stimulating hormone (FSH). There are no differences between non-obese and obese individuals in age, total cholesterol (TC), low high-density lipoprotein cholesterol(LDL-c), prolactin (PRL), estradiol (E2), progesterone (PROG), testosterone (TESTO), dehydroepiandrosterone (DHEA), fasting insulin and serum RBP4.Table 1Basic characteristics of all the subjectsNon-obese (*n* = 45)Obese (*n* = 42)*P* valueAge (year)41.18 (16.07)39.19 (15.08)0.554BMI (kg/m2)22.69 (3.68)34.79 (4.99)\<0.001Waist (cm)82.49 (10.55)110.48 (14.53)\<0.001Hip (cm)94.09 (7.18)116.65 (10.69)\<0.001WHR (cm/cm)0.88 (0.08)0.95 (0.08)\<0.001SBP (mmHg)118.00 (16.67)129.76 (16.7)0.002DBP (mmHg)75.52 (8.55)81.95 (11.92)0.005TC(mmol/L)4.35 (0.94)4.54 (0.83)0.326TG (mmol/L)1.23 (0.70)1.70 (0.90)0.008HDL-c (mmol/L)1.27 (0.40)1.02 (0.25)0.001LDL-c (mmol/L)2.53 (0.81)2.76 (0.70)0.155LH (mIU/mL)8.00 (0.30--59.70)5.70 (0.30--59.70)0.018FSH (mIU/mL)5.60 (0.10--114.30)5.30 (0.20--69.7)0.046PRL(mIU/mL)380.60 (23.60--9544.00)381.65 (10.40--2042.00)0.562E2 (pmol/L)114.70 (22.20--617.60)135.80 (37.20--859.90)0.661PROG (nmol/L)1.40 (0.10--37.55)1.40 (0.20--21.27)0.733TESTO (nmol/L)0.99 (0.10--23.50)1.78 (0.30--25.90)0.510DHEA (umol/L)2.85 (0.40--16.70)4.20 (1.20--18.50)0.071Fasting insulin (mU/L)9.50 (5.00--57.20)15.50 (3.60--60.50)0.295Serum RBP4 (μg/ml)30.07 (7.83)33.07 (7.06)0.064Data are presented as means(S.D) or median (range)*BMI* body-mass index, *SBP* systolic blood pressure, *DBP* diastolic blood pressure, *WHR* waist-to-hip ratio, *TC* total cholesterol, *TG* triglycerides, *HDL-c* high-density lipoprotein cholesterol, *LDL-c* low-density lipoprotein cholesterol, *LH* luteinizing hormone, *FSH* folliclestimulating hormone, *PRL* prolactin, *E2* estradiol, *PROG* progesterone, *TESTO* testosterone, *DHEA* dehydroepiandrosterone, *RBP4* retinol binding protein 4

The Pearson correlation coefficients for associations between RBP4 concentrations and other parameters are summarized in Table [2](#Tab2){ref-type="table"}. In all subjects, serum RBP4 levels were significantly positively associated with BMI, waist circumference, WHR, SBP, DBP, TC, TG, LDL-c and TESTO, but not associated with hip circumference, HDL-c, LH, FSH, PRL, E2, PROG and DHEA. In non-obese individuals, serum RBP4 levels were significantly positively associated with BMI, SBP, TC, TG, LDL-c, but not associated with waist circumference, hip circumference, DBP and the other variables mentioned above. However, in obese individuals, serum RBP4 levels were significantly positively associated with TC, TG, TESTO, and DHEA, whereas negatively associated with insulin and E2. But not associated with BMI, WHR and the other variables mentioned above, either.Table 2Pearson's correlation analysis of serum RBP4 in all the subjectsTotal (*n* = 87)Non-obese (*n* = 45)Obese (*n* = 42)*rPrPrP*BMI0.308\*\*0.0040.377\*0.0110.1580.316Waist0.258\*0.0250.1890.2770.0970.553Hip0.1880.1070.1470.400−0.0700.666WHR0.271\*0.0190.1360.4360.2600.105SBP0.302\*\*0.0050.352\*0.0190.1390.386DBP0.270\*0.0130.2760.0690.1980.214TC0.422\*\**P* \<0.0010.467\*\*0.0010.337\*0.029TG0.497\*\**P* \<0.0010.315\*0.0370.619\*\**P* \<0.001HDL−0.0780.4760.0610.693−0.1290.415LDL0.295\*\*0.0060.388\*\*0.0090.1150.468LH0.1100.3170.2380.1250.0250.877FSH0.1480.1710.2670.0760.0530.737PRL−0.1510.166−0.1320.398−0.2550.103E2−0.2070.113−0.010.962−0.374\*0.032PROG−0.1190.298−0.0180.910−0.3170.063TESTO0.229\*0.0450.1020.5410.344\*0.032DHEA0.2100.0550.0500.7470.329\*0.038INSUL−0.2620.079−0.2580.418−0.423\*0.013\**P* \<0.05; \*\**P* \<0.01*BMI* body-mass index, *SBP* systolic blood pressure, *DBP* diastolic blood pressure, *WHR* waist-to-hip ratio, *TC* total cholesterol, *TG* triglycerides, *HDL-c* high-density lipoprotein cholesterol, *LDL-c* low-density lipoprotein cholesterol, *LH* luteinizing hormone, *FSH* folliclestimulating hormone, *PRL* prolactin, *E2* estradiol, *PROG* progesterone, *TESTO* testosterone, *DHEA* dehydroepiandrosterone, *RBP4* retinol binding protein 4

Especially, we found that Serum RBP4 level was negatively correlated with estrogen in obese individuals (*r* = −0.374, *p* = 0.032), but no longer existed when in non-obese individuals (*r* = −0.01, *p* = 0.962) (Fig. [1](#Fig1){ref-type="fig"}). To further explore the association among serum RBP4 levels, BMI and E2, we built interaction terms between serum RBP4 levels and two categories of BMI and estradiol (E2) stratified by the median values at the same time. There were significant differences in serum RBP4 levels between groups classified by E2 level within the same BMI strata (Table [3](#Tab3){ref-type="table"}). RBP4 levels were the highest in the subjects with both obesity and the low estrogen level (37.08 ± 7.29 μg/ml vs. 26.77 ± 3.47 μg/ml, 29.64 ± 7.8 μg/ml, and 30.9 ± 7.18 μg/ml, *P* for trend \<0.001, respectively), compare to those with neither obesity nor low estrogen levels, individuals with no-obese but low estrogen levels, and individuals with obesity but high estrogen levels.Fig. 1Pearson's correlation analysis between RBP4 ((μg/ml)) and E2(pmol/L). Serum RBP4 level was negatively correlated with estrogen in obese individuals (*r* = −0.374, *p* = 0.032, **a** However, the association between RBP4 and estrogen no longer existed when in non-obese individuals (*r* = −0.01, *p* = 0.962, **b**)Table 3The mean concentration of RBP4 in women stratified by BMI and estradiol (E2) levelsNon-obeseObeseE2 \>118.60 (pmol/L)E2 \<118.60 (pmol/L)E2 \>118.60 (pmol/L)E2 \<118.60 (pmol/L)^a,b,c^26.77 ± 3.47 (μg/ml)29.64 ± 7.80 (μg/ml)30.9 ± 7.18 (μg/ml)37.08 ± 7.29 (μg/ml)^a^ *P* \<0.05 vs Non-obese group with high E2 level^b^ *P* \<0.05 vs Non-obese group with low E2 level^c^ *P* \<0.05 vs Obese group with high E2 levelE2 corresponds to baseline estradiol levels. Cut-off point was set at median value

A stepwise multiple linear regression analysis was performed using serum RBP4 level as a dependent variable. Independent variables were those parameters, which were significantly associated with RBP4 in Pearson's correlation analysis. In all subjects, TG (Standardized Coefficients Beta = 0.509, *P* \<0.001), TC (Standardized Coefficients Beta = 0.260, *P* = 0.047) together with Insulin (Standardized Coefficients Beta = −0.249, *p* = 0.035) were independent variables significantly associated with serum RBP4. In non-obese individuals, TC (Standardized Coefficients Beta = 0.582, *P* = 0.006) was independently associated with serum RBP4, while in obese individuals, Insulin (Standardized Coefficients Beta = −0.518, *p* = 0.006) together with E2 (Standardized Coefficients Beta = −0.438, *p* = 0.013) were significantly associated with serum RBP4 (Table [4](#Tab4){ref-type="table"}).Table 4Multiple linear regression analysis of RBP4 and other parametersStandardized coefficients betatSigALLTG0.5094.651*P* \<0.001TC0.2602.0980.047INSUL−0.249−2.2400.035Non-obeseTC0.5823.1130.006ObeseE2−0.438−2.7230.013INSUL−0.518−3.0870.006A step-wise multiple linear regression analysis was performed to determine the contributing factors to serum RBP4 levels. Independent variables included in multivariate regression model were variables which significantly associated with RBP4 in Pearson's correlation analysis

Discussion {#Sec7}
==========

In the current study, we found that serum RBP4 levels were inversely associated with E2 levels in a cohort of Chinese women patients with obesity. To the best of our knowledge, this study is the first showing that circulating RBP4 is associated not only with BMI but also E2 levels in Chinese women patients, which implied that estradiol might be an impact factor on the relation between obesity and circulating RBP4.

RBP4 has long-been known to be released by the liver, and it also has been shown that approximately 15% of circulating secretion results from adipose tissue, and down-regulates the glucose transporter GLUT4, which acts as the rate-limiting step in insulin-activated glucose transport across both muscle and adipocyte membranes \[[@CR16], [@CR17]\]. Results from the previous study also suggested that RBP4 levels had an important effect on obesity indices, as measured by BMI, WC, waist-to-hip ratio, and even body fat percentage \[[@CR10], [@CR14], [@CR18], [@CR19]\]. Especially, a prospective study suggested that baseline RBP4 levels predict subsequent increase in WC in a Korean adolescent population \[[@CR20]\]. Similar to prior studies in adults, we found that the RBP4 levels were positively correlated with most of the obesity indices in Chinese women, including BMI, waist circumference, and WHR in the whole subjects. The results mentioned above indicate that RBP4 might be a useful marker of obesity-related factors in subjects. There are some discrepant results from other studies have questioned these associations, failing to demonstrate associations with obesity \[[@CR21]--[@CR23]\]. The possible reasons for this difference may due to different study subjects in the ethnicity, age, and size of the samples. However, when all women were divided into different groups according to BMI, there are no differences between non-obese and obese individuals in serum RBP4 levels. And the same link between circulating RBP4 levels and obesity indices was not founded in obese women, which implied that there are other mechanisms for regulating RBP4 levels.

In both adults and children, the concentration of serum RBP4 varies by gender, with levels lower in female than in male participants \[[@CR13], [@CR24], [@CR25]\]. Several previous studies supported that RBP4 levels were shown to be different between premenopausal and postmenopausal women and vary according to menstrual cycle \[[@CR11], [@CR25], [@CR26]\]. It hypothesized that sex hormones may play a role in the gender discrepancy, which may also plays protective effect on women against the influence of RBP4. In our result, we found that serum RBP4 levels were significantly negatively associated with estrogen (E2) only in obese women. When subjects were divided into four groups according to BMI and estrogen (E2) stratified by the median values, the highest value for serum RBP4 was in subjects with both obesity and the low estrogen level, the lowest value was in non-obese groups with high estrogen level. Multiple linear regression analysis also revealed that RBP4 correlated independently with TG, TC and insulin in all subjects, however, with E2 only in obese individuals. The possible mechanisms are as follow. Firstly, estrogen may have a direct effect on serum RBP4 expression. Tan et al found the RBP4 level is influenced by the effect of sex hormones and suggested 17b-estradiol have a direct regulatory effecting on the RBP4 concentration in women with polycystic ovary syndrome \[[@CR27]\]. Other researches indicated estrogen mediates retinoic acid metabolism by the regulation of RBP4 expression in adipose tissue, and the systemic deficiency of serum estrogen may activate a specific regulatory process and consequently, which induce the overexpression of RBP4 through ER in visceral adipocytes \[[@CR28], [@CR29]\]. Secondly, estrogen may convey an indirect effect by influencing the body fat distribution on serum RBP4. As one kind of adipocytokines, RBP4 was identified a sexual dimorphism for secretion in previous studies, which was partly attributed to the effect of sex hormones and body fat distribution \[[@CR30], [@CR31]\]. Estrogen has an important role in regulation of fat metabolism, and the effect of estrogen to reduction of lipolysis was through activation of estrogen receptor alpha (ER-α) in adipose tissue, then influenced body adiposity \[[@CR32]--[@CR34]\]. Lack of estrogen, people tend to accrue more visceral fat, which has been highly correlated to metabolic and cardiovascular risk; whereas accrue less fat in the subcutaneous depot \[[@CR35]\]. In our previous study, we have found that circulating RBP4 is positively associated with the visceral fat, which implied that visceral fat might be a major source of excess circulating RBP4 \[[@CR36]\]. Consistent with our findings, relationship of RBP4 and visceral fat, not subcutaneous fat, was confirmed by many other studies in different populations \[[@CR37]--[@CR39]\], which suggest that visceral obesity might play a key role in increasing the circulating RBP4 level. Therefore, when combining several factors, the group with both obesity and low estrogen level has the highest serum RBP4 levels. We also found that testosterone was positively associated with RBP4 levels in women, for DHEA only in obese women.

The close relationship between other metabolic parameters and RBP4 in adult and adolescents has been observed in previous studies, in which RBP4 was positively associated with BP, lipid profiles, and FPG \[[@CR20], [@CR26], [@CR40]\]. We also found that the RBP4 levels were positively correlated with most of the cardiometabolic risk factors, such as SBP, DBP, TC, TG and LDL. Especially, circulating RBP4 levels were found to be highly correlated with TC and TG, both in non-obese and obese subject. Consistent with our result, another research found higher triglyceride levels is correlated with higher RBP4 \[[@CR41]\]. The possible mechanism is that retinoid have been known to affect the expression of several genes involved in triglyceride metabolism, including regulators of apo C-III production, hepatic and gastrointestinal triglyceride production and secretion, and beta-oxidation of fatty acids \[[@CR42]\].

Some limitations of this study must be taken into consideration. Firstly, the cross-sectional design of the study represents a limitation, implicating that cause-and-effect relationship cannot be discerned. Secondly, our study subjects included only from the outpatient women. And the majority of individuals are middle-aged woman with variation of plasma estrogen, which may influence the levels of RBP4, as it changed during the menstrual cycle. The relation of RBP4 and estrogen is also restricted to only in obese women. Therefore, our results may not be applicable to the whole population. Finally, due to the limitation of data collection on all types of sex hormones, we got small sample size. As well as being small, the trials may have methodological weaknesses that could have resulted in bias.

Conclusion {#Sec8}
==========

In conclusion, RBP4 could be a marker of obesity-related risk factors, and it is negatively related to estrogen, restricted to obese individuals. The RBP4 levels were higher in the co-presence of obesity and low estrogen, which suggested that their relationship was complicated and might influenced by estrogen and other confounding factors. Further experiments with larger groups of subjects are warranted to clarify the relationship between RBP4 and estrogen.
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